The restoration of anthropogenically disturbed sites contributes to biodiversity conservation, but pre-recovery land-use history affects the restoration and recovery time of impacted forest sites. The objective of the present study was to assess the effects of different land-use histories (low-impact logging -LL, high-impact logging -HL, and slash-and-burn -SB) on quantitative (diversity values) and qualitative (floristic composition) measures of forest recovery. This research was conducted in Atlantic rainforest areas of Bahia State, Brazil, which had remained undisturbed for 50 to 60 years after human disturbance. Surprisingly, the area subjected to the most aggressive usage (SB) showed intermediate richness and diversity values, but had a floristic composition dominated by pioneer species similar to early-successional forests. Families typical of preserved areas (Sapotaceae and Myrtaceae) were more diverse in LL and HL areas. Our results indicate both quantitative and qualitative recovery in areas subjected to LL, which tended to recover without intervention. Areas subjected to HL showed intermediate qualitative recovery and the lowest quantitative recovery, and may therefore require enrichment to accelerate recovery. Despite good quantitative (species richness and diversity) recovery, the slash-and-burn areas had a predominance of early successional species, which indicates that enrichment actions are essential for the recovery of these forest areas. Knowledge of how land-use history influences forest restoration processes can guide management actions and thereby contribute to the allocation of resources where they are really needed.
Introduction
Tropical rainforests are a priority for biodiversity conservation actions due to the current levels of threat, diversity and endemism [1] . Despite the importance of forests, deforestation is increasing with the expansion of agricultural activities and commercial logging [2] . The Brazilian Atlantic rainforest stands out among tropical rainforests due to its high level of species richness and endemism [1] [2] [3] [4] [5] . With only 11-16% of the Atlantic rainforest remaining in Brazil, the quality of the habitat within the remaining areas is a concern, particularly as 32-40% of remnants are small fragments and areas of secondary forest [6] . Most of these remaining secondary forests are located in areas of abandoned agriculture and pasture and are currently undergoing regeneration [7, 8] . The protection and restoration of secondary forests would therefore be a way to mitigate the loss of forest cover and biodiversity [9, 10] , especially in very disturbed landscapes [11] . This is considered one of the major actions that can benefit the conservation of tropical biodiversity [12] .
Forest restoration can be influenced by land-use history, such as the type and intensity of disturbance [13] [14] [15] . Several types of land-use history (agriculture, agroforestry, pasture and crops) lead to severe biodiversity losses, except for light selective logging, which is capable of maintaining biodiversity values similar to mature forest [12] . In fact, light logging is considered a less aggressive disturbance than other land uses, as it is capable of maintaining diversity [12] , although it may cause changes in composition [16, 17] . Treefall caused by selective logging creates open areas that modify forest conditions (e.g. climate) and favors the development of pioneer species, hence altering floristic composition and ecological interactions [16] [17] [18] [19] [20] [21] . In contrast, the disturbance generated by the slash-and-burn technique is more aggressive because the use of fire and the subsequent establishment of crops alter the seed bank and seed rain [22, 23] , soil characteristics [15, [24] [25] [26] [27] , and plant sprouting regeneration and growth rates [14, 28, 29] .
The regeneration of degraded areas can be assessed through measures that show the recovery of features such as richness, diversity and floristic composition [12, 30] . In general, the more advanced the recovery stage, the greater its richness and diversity [31] [32] [33] [34] . During forest recovery, changes occur in the floristic composition, with a turnover of the most frequent and richest families, as well as the most abundant species [33] [34] [35] [36] . Furthermore, there is also a reduction in the relative dominance wherein few species, often the pioneering ones typical of environments with a high incidence of light, are replaced by species typical of later successional stages that are more frequently encountered in shaded environments [34, 37] . Yet it is not always possible to recover the richness, diversity and floristic composition, as the landuse history can make these changes irreversible [38, 39] . The impossibility of recovering some forest characteristics may occur by the "secondarization" process, wherein areas maintain the characteristics of secondary forests even after many years of recovery [40] . This process has occurred in Atlantic rainforest areas of northeastern Brazil, where there is a highly aggressive land-use history [41, 42] . Studies have also shown that it is more difficult to recover areas subjected to high land-use intensity without outside intervention, compared with less disturbed areas and areas near to continuous forests [34, [43] [44] [45] [46] .
The objective of this study was to investigate the effects of different land-use histories on the restoration process of Atlantic rainforest areas during the same period, in a private nature reserve in southern Bahia, Brazil. Specifically, our research aimed to answer the following questions: 1) Is there any difference in the floristic composition of disturbed forest areas with the same recovery time, but under different intensities and distinct types of anthropogenic disturbance? 2) Do diversity and richness values differ among areas with the same recovery time but different land-use histories? 3) Under which kind of land-use history does the regeneration process occur faster? The initial working hypothesis was that different types and intensities of land use could have influenced the composition, diversity and regeneration process of forests. Although we expected that the highest impact and most intense anthropogenic land-use would be responsible for the greatest changes in forest characteristics, our results indicate that the richness and diversity of regenerating forest areas do not always correspond to the intensity of disturbance.
Methods
The study took place at the Michelin Ecological Reserve ("Reserva Ecológica Michelin" -REM), located in the municipality of Igrapiúna, Bahia, Brazil (13° 50'S, 39° 10'W), 18 km from the Atlantic Coast (Fig. 1) . The reserve is a 3096 ha area surrounded by diverse agroforestry systems and forest fragments (most are <30 ha and a few are > 500 ha). The REM is formed by a mosaic of different forest successional stages that have suffered anthropogenic disturbances for hundreds of years, including slash-and-burn, palm heart (Euterpe edulis Mart.) extraction, hunting, and clearing for agriculture [47, 48] . This mosaic is located on a variegated landscape, where the native vegetation still forms the matrix but has been modified in a variety of ways [49] . It is a common landscape in southern Bahia and has suffered several levels of disturbance over the years [50, 51] . In general, the most disturbed areas are located near rivers where adjacent vegetation was repeatedly cleared for agriculture over the past centuries. The most intact forests are found on areas that are difficult to access, where remnants with old-growth trees indicate that clear-cutting did not take place during the 20 th century [47] . The forest is a lowland evergreen rainforest and the study area has an annual average temperature of 24.8°C and average annual rainfall of 1800-2000 mm (climatic data from Michelin's meteorological station located at the REM).
The surveys were planned to sample areas that suffered different types of human disturbance and had recovered (i.e. remained undisturbed) for the same amount of time. Here we refer to all the disturbed study areas which suffered recent alteration as secondary forest. To sample the different land-use histories, the choice of possible areas was based on information from aerial images (1964 and 1974) , evidence of flour mills, and information obtained from interviews with local residents [47] . We distinguished three main types of land-use histories: slash-and-burn agriculture (SB), mostly for manioc cultivation as a subsistence activity; highimpact logging (HL), where all medium-and large-sized trees were cut for timber (the timber was logged with axes, dragged by bullocks and carried to the mill); low-impact logging (LL), where only the largest trees were removed (logging was more specific, focused on high-value Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org 478 timber, due to the difficulty of access). None of the sites had undergone significant disturbances during the last 50-60 years ( Fig. 1) .
In each land-use site, three transects of 200 m were randomly established and the pointquadrant sampling method was applied within these transects [52] , with a central point at every 15 m. Within each quadrant, all individuals with a diameter at breast height (DBH) ≥10 cm were sampled. Branches from all individuals were collected for taxonomic identification (in accordance with APG II [53] ), using identified material from the herbarium of the Center for Cacao Research as a reference.
In order to compare the recovery in the three land-use history sites we used Shannon diversity (H'), Pielou's equitability (J) and Jaccard's index (JI). Estimates of the relative frequency (RF), relative density (RD) and relative dominance (RDo), were calculated following Martins [54] . 
Results
Species richness, diversity and floristic composition differed between sites with the same recovery time and different land-use histories. There were also differences between the most dominant families and species recorded in the different areas. Areas with a history of slashand-burn agriculture (SB), here considered as the most aggressive disturbance, showed intermediate richness, diversity and evenness values in relation to the other land-use histories (Table 1 ). In areas that suffered SB disturbance, 77 species and 38 families were recorded, most notably Fabaceae, with the largest number of species (10) and individuals (20; Appendix 1).
The area with a history of high-impact logging subject to intermediate disturbance had the lowest richness, diversity and evenness values amongst the three land-use histories (Table 1) . Its tree community structure comprised 75 species from 32 families, especially Sapotaceae, which was the richest family (nine species), and Clusiaceae, with the highest abundance (21 individuals). The highest values of richness, diversity and evenness were found in the area with a history of low-impact logging, the disturbance considered as least aggressive. In this area we recorded 93 tree species from 35 families, mainly Myrtaceae, with 12 species and 16 individuals ( Table 1 ; Appendix 1). In the SB area, the most dominant and frequently recorded species were Pourouma velutina, Vochysia acuminata and Helicostylis tomentosa (Table 2) . Together, these species accounted for 18% of individuals and 54% of the relative dominance in the slash-and-burn (SB) area. In the HL area, the three most representative species accounted for 24% of individuals and 50% of the relative dominance: H. tomentosa, Pogonophora schomburgkiana and Tovomita choisyana. In LL, Virola officinalis, H. tomentosa and Macrolobium latifolium were the most common, representing 14% of individuals and 36% of the relative dominance in the area (Table 2) .
Floristic similarity was higher in the areas that suffered the same type of disturbance, i.e., in lightly and heavily logged areas (JI = 18.3%). The similarity index between SB and HL areas was 13.7%, whereas that of LL was 11.8%. Only 6% of species occurred in all three areas (Appendix 1). Singletons (species represented by only one individual) were more frequent in the area subject to low-impact logging (26% of individuals and 43% of species) than in those subjected to high-impact logging (18% of individuals and 38% of species) or slash-and-burn (18% of individuals and 36% of species). 
Discussion
Our initial hypothesis that different types and intensities of land-use history would influence the regeneration process was confirmed. Disturbance history influenced the richness, diversity and the floristic composition of the disturbed forest studied.
Among the disturbance histories, the area in recovery after low-impact logging (LL) showed the highest richness and diversity, indicating that this was the disturbance that allowed the fastest recovery. These results are in line with those of previous studies that show selective logging is the least damaging disturbance, which is capable of maintaining or even increasing diversity in relation to mature tropical forests [12, 17, 45, 55] . On the other hand, the area subjected to high-impact logging showed the lowest richness and diversity, suggesting that the higher the intensity of exploitation, the longer the time required for the recovery of this forest's characteristics. Indeed, a higher intensity of selective logging results in fewer remnant individuals and species, and greater disturbance of forest characteristics, such as forest cover, which may delay recovery [56] . The recovery of species richness takes longer in areas subjected to more intensive land-use due to a reduction in the regeneration potential of the seed bank [44] , as well as a reduction in the richness and abundance of seedlings, which increases recruitment time-lags [14, 57] . Additionally, other studies in the Atlantic Forest of northeastern Brazil showed that areas subjected to a very aggressive land-use history (decades of sugar cane monoculture) are suffering from a secondarization process, which makes recovery even more difficult [41, 42] .
The richness and diversity values found in the slash-and-burn area (SB) were similar to the high-impact logging site (HL). This similarity may be related to the recovery period (about 60 years), which seems long enough for these parameters to reach similar values in areas with different disturbances. In fact, studies show that slash-and-burn areas only present low richness in the early years (5-20 years), but after 40-60 years of recovery, these forests present values that are similar to and maybe even greater than those of less disturbed tropical forests [14, 35, 45 , 58, 59] . It is possible that during this recovery period, the forest may be in a Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org 481 transition stage where high richness values are common due to the co-existence of species from different regeneration niches (early and late successional species), which has been observed in other tropical forests [35, 58, 59 ].
The highest species dominances were found in SB and HL, where few species (just three) accounted for around 50% of the relative dominance. In fact, studies in tropical forests indicate that the greatest species dominance is found in areas of an early successional stage [32, 34] . The reduction of dominance with the recovery of the forest may be explained by the population decline of a few pioneer species, which are replaced by several species from later successional stages [37, 60] . Likewise, it has been shown that a high dominance of pioneer species at the start of forest succession may hinder the establishment of other species and prevent the increase of richness and diversity [14, 57] . So, the observed dominance suggests that the SB and HL histories are at an earlier stage, presenting lower richness and diversity than the area with a LL history.
Floristic similarity was low among the different land-use histories, with higher values in the areas subjected to the same type of disturbance i.e. selective logging at different intensities (HL and LL). Low levels of similarity are common in areas with different land-use history subject to the same recovery interval [60] and can occur even when species richness and diversity values are similar [see 44] . This indicates that the type of use seems to cause greater floristic distinction than the intensity of use. As well as the different use histories, the low similarity values found may also have resulted from the presence of rare species in the study area, which is considered normal for tropical forests [32, 36, 37, 61] . The high frequency of rare or exclusive species that are recorded just once reduces the similarity among the areas and even among samples in the same area. Alternatively, the number of rare species may be an artifact of the sample size, which may have contributed to the low similarity of our study areas.
On the one hand, it was difficult to distinguish quantitatively (in terms of richness, diversity, dominance and similarity) regeneration in the three areas with different land-use histories; on the other hand, these areas were observed to be very different in qualitative terms (families and species composition). Fabaceae was the richest and the most abundant family across the three land-use histories, but its species differed among the histories. The pioneer species typical of this family (Inga edulis; I. subnuda; I. thibaudiana; I. laurina; Senna multijuga; Balizia pedicillaris) were more representative in the area subjected to slash-and-burn (SB), followed by HL and LL. In fact, Fabaceae is the richest and most common family in Atlantic rainforest areas [62] [63] [64] [65] , even in different stages of regeneration [35] . Another important family for understanding the forest regeneration process in the studied area was Melastomataceae, which showed a high diversity in SB (four species), but was among the least diverse families in HL and LL (one species in each land-use history). This family is typical of tropical forests in early-successional stages [66] . It is well known that the importance and representativeness of this family decrease with the recovery of forests [31, 34] . In the studied area, families typical of less disturbed forest environments, like Myrtaceae and Sapotaceae, showed a reduced diversity in the LL site compared to that found in HL and SB areas. These families show a higher diversity in old-growth forests [31, 34, 57, 59, 65, 66] . The Myrtaceae family can even be considered as a possible indicator of well-preserved Atlantic rainforest areas [31] . The species abundance and richness patterns in these families suggest that after 50-60 years of regeneration, LL areas might have a floristic composition similar to that of primary forests, whereas HL areas have an intermediate composition and SB areas resemble early-successional forest stages.
Generally speaking, our study showed that the type and intensity of land-use influenced the speed of the regeneration process. This influence is more evident in qualitative aspects (floristic composition) than in quantitative ones (richness, diversity, dominance and similarity). In light of these qualitative changes, areas subjected to selective logging, regardless of the intensity, appear to be in a more advanced stage of recovery than the area subjected to slashand-burn. This was also recorded in African tropical forests, when areas that suffered slashand-burn were compared to those subjected to selective logging [45] . The differences found in our study area may be a reflection of the beginning of the regeneration process of each landuse history. The recovery of slash-and-burn areas is more dependent on external propagules, while selective logging areas experience a greater in loco contribution, thus accelerating the regeneration process [44; 67] . Our results also suggest that, in quantitative terms, the more disturbed areas (slash-and-burn) may recover in a 60 year period. The high recovery potential of the studied area is favored by the variegated landscape. This recovery has not been observed in other Atlantic rainforest areas of northeastern Brazil that undergo the secondarization process, where the fragments are more isolated.
Implications for conservation
In light of the worldwide concern with biodiversity conservation in tropical forests, it is essential to preserve and recover secondary areas that form many of the forest remnants [6] . Many of these forests have been abandoned after some anthropic activity and are experiencing a recovery process [51, 55, 60, 68] . Slash-and-burn and selective logging are the major human activities in such areas [8, 10, 69] . Our results revealed that not only the type of land-use history (slash-and-burn and selective logging) but also its intensity may influence the forest successional process.
Although our study focused on dbh> 10 cm and some late successional species with narrower diameters may have been in the understory, it is not common to find such species in more disturbed areas, and this was seen during the two-year period of field activities. The fact that we did not sample a narrower dbh may limit the inference possible from our results, but even taking into consideration this possibility, our results clearly indicate differences among the distinct land-use histories. Areas with a history of low-impact logging tended to recover even without intervention, just by protecting the area, especially in a variegated landscape. After 50-60 years of recovery, these areas have already presented characteristics typical of a mature forest, such as a high frequency and diversity of late-successional families (e.g. Myrtaceae and Sapotaceae). In contrast, areas with a history of high-impact logging (HL) and slash-and-burn (SB) may not be able to spontaneously recover late successional species and some functional groups, which makes restoration process more difficult [21, 70, 71] . Our results indicate that enrichment actions may be necessary to accelerate forest recovery, especially in SB areas. Enrichment actions should also prioritize the most exploited species that are scarce in the region. These species are generally late successional species whose propagules are less common in early successional areas [72] . Such actions may assist in the recovery of ecological processes such as nutrient cycling, biotic pollination and dispersal, which may have been corrupted by previous land-use [21, 44] . The fact that a relatively minor intervention is necessary in areas where forest cover is already established significantly reduces restoration costs, as it reduces the need for planting seedlings and weeding, which represent high costs during the restoration process [73, 74] . Knowledge about the influence of land-use history on the succession of secondary forests can improve the utilization of the restoration potential of these forests, directing appropriate management actions where they are most needed. 
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